Skeletal trauma causes significant biliary tract violations of the liver. Excess copper ions and zinc reduces biliary function of the liver.
Оригінальні дослідження
Introduction. The analytical review of scientific achievements of recent years in the field of studying the flow of polytrauma against the background of excess ions of heavy metals allows us to state the relevance of this problem for Ukraine. On the one hand, high mortality rates from trauma, accidents and poisonings are observed in Ukraine, affecting mainly working-age people [1, 2] . Among them more than 5 thousands -from traffic injuries. Transport injuries are also dominant in developed countries of Europe and Asia [3, 4] . Despite the tendency to decrease the rates of general injuries, the proportion of victims with polytrauma increases and causes high mortality [5] [6] [7] .
On the other hand, the territory of Ukraine is subjected to significant influence of adverse environmental factors, among which the leading place belongs to the salts of heavy metals. In the industrial regions of Ukraine (central, southern and eastern) the soil and water are dominated by cadmium, lead and 88strontium [8] . However, zinc and copper prevail almost throughout the territory of Ukraine [9] [10] [11] . Clear evidence of this is the excessive accumulation of copper and zinc ions in living organisms that inhabit the Ternopil region [10] , and the exceeding of the maximum permissible concentration of copper ions in drinking water, Ternopil 20 times, and zinc ions -3 times, as evidenced by the Environmental Monitoring Program of the Ternopil region [12] .
In conditions of excessive inflow of copper ions and zinc into the body, significant changes in the functional state of the liver, pancreas, muscles, and transmembrane processes are noted. Heavy metals carry out the expressed interference in the processes of peroxide oxidation of lipids and the system of antioxidant protection with the intensification of oxidative processes, activation and subsequent inhibition of antioxidant protection, in particular, the decrease in the activity of superoxide dismutase, catalase, reduced glutathione. Violation of these metabolic processes is characteristic of the body and in conditions of stress and the general response of the organism to the action of stress factors, among which injury is one of the most powerful.
To date, due to the significant pathogenic effects of environmental, water and food contamination factors, there are still many unsolved issues regarding the pathogenetic mechanisms of the influence of heavy metals [18] and xenobiotics in traumatic injuries of different nature and localization. This necessitates the in-depth study of pathogenetic mechanisms of severe trauma in these conditions and the pathogenetic substantiation of effective therapy, which will improve the results of treatment and prognosis in such patients.
However, in the available literature, no reports were found the pathogenetic features of violations of the functional and morphological state of the liver against the background of traumatic illness in the conditions of accumulation of copper ions and zinc in the body. There was a working hypothesis that the damage by the ions of these heavy metals is an unfavorable background for a serious traumatic event. Their accumulation in the blood and other organs can affect the manifestations of multiple organ failure, change the duration of periods of traumatic illness and require specific antidote treatment in complex intensive care, which required a special study.
Relationship of work with scientific programs, plans, themes: Thesis is a fragment of the complex scientific research topic of modeling and analysis of pathological processes of I. Horbachevsky Ternopil National Medical University "Medical regularities and informational models of the course of patho logical processes under different functional conditi ons and their correction" (state registration number 0110U001937) and "Pathogenetic laws and information models of pathology development their processes under the conditions of extraordinary factors on the organism and their correction" (state registration number 0113U001239). The author is a collaborator of these GDRs. The subject of the dissertation was approved by the Academic Council of I. Horbachevsky Ternopil National Medical University.
The aim of the study -to find out the pathogenetic features of liver damage in a mechanical trauma of varying severity in the presence of excess copper and zinc ions in the body and its antidote therapy.
Materials and Methods. Experimental studies were performed on 114 non-linear white, sexually mature male rats with a body weight of 180-200 g.
Experiment with animals, performed on the basis of the Central Research Laboratory of I. Horbachevsky Ternopil National Medical University (certificate of attestation of the laboratory No. 000478 of 17.12.2013) was held in the morning (from 9 to 11 in the morning) in a specially designated room at a temperature of 18-22° С, relative humidity 40-60 % and illumination of 250 lux and was to inflict injuries. All stages of the experiment were conducted in com-pliance with the general rules and regulations of the European Convention for the Protection of Vertebrate Animals used for research and other scientific purposes (Strasbourg, 1986), the General Ethical Principles of Animal Experiments (Kyiv, 2001), the Law of Ukraine "On the Protection of Animals from cruel behavior" (2006), as well as the conclusion of the commission on bioethics of I. Horbachevsky Ternopil National Medical University" (protocol No. 19 dated 19.09.2013).
All animals were divided into three groups: control and three experimental ones. In the experimental group 1 (72 individuals), excessive intake of copper and zinc ions was simulated, which was caused by daily administration of copper sulfate and zinc sulfate in a stomach at a dose of 5 mg/kg -1 in terms of metal once a day [13, 14] .
In the experimental group 2 (72 individuals), an equivalent volume of saline solution was injected. The control group 1 consisted of 6 intact animals, the control group 2-6 animals after the introduction of copper ions and zinc.
After 14 days in the conditions of thiopentalsodium anesthesia (40 mg/kg -1 body mass) in animals of the experimental groups 1 and 2, they simulated skeletal trauma of varying severity: lung -fracture of one hip; moderate severity -additionally caused bleeding from the femoral vein (20-22 % of the volume of circulating blood) that was injected into the paranephrale tissue to form a hematoma; serious injury -additionally broken adjacent thigh [15] . In this term, the animals from the control group 2 were extracted from the experiment, in the blood and liver tissue of which the content of copper and zinc was determined.
Animals of experimental groups were removed from the experiment after 1, 3 and 7 days. First, under thiopental-sodium anesthesia (60 mg/kg -1 ), animals were bled for 30 minutes, followed by bromsulfalein test, after which the animals were scored by total blood flow from the heart. For the study, bile, blood serum and liver tissue were taken. The biliary function of the liver was evaluated on the basis of guidelines for the preclinical study of medicinal products [16] . After narcosis (sodium thiopental of 60 mg/kg -1 ), the catheterization of the total bile duct was catheterized and bile was collected for 30 minutes. In this case, the catheter in the common bile duct in all experiments was standardized in the same place, since the irritation of the proximal or distal part in different ways affects the intensity of biliary excretion [17] .
The resulting digital data was subject to statistical analysis. The reliability of the differences between the trial and control groups was evaluated using the STATISTICA 10.0 ("StatSoft, Inc.", USA) program.
Results and Discussion.
As can be seen from Table 1 , under the influence of the skeletal trauma of the mild degree, the velocity of biliary colonization in 1 and 3 days practically did not differ from the level of control (p>0.05). After 7 days, the index increased and 31.7 % exceeded the control level (p<0.05). Against the background of excessive ion exchange of copper and zinc in 3 and 7 days, the indicator, on the contrary, decreased by 22.5 % and 19.7 % respectively (p<0.05). Comparison research groups on the background of mild injuries showed that in all periods of observation rate was significantly lower in the group of animals with excessive intake of zinc ions and copper (respectively 8.4, 16.3 and 39.0 %, p <0.05).
Against the background of a medium-degree injury, the indicator varied wavy: after 1 day it increased significantly in relation to the control group (by 32.7 %, p<0.05). After 3 days it significantly decreased and became 17.6 % less than control (p<0.05). After 7 days, it continued to remain at the same level (p<0.05 for control). In conditions of excessive ion exchange of copper and zinc in 1 day the indicator was at the control group level (p>0.05). However, after 3 and 7 days it was significantly lower than the reference level (27.8 % and 24.3 % respectively, p<0.05). In these conditions, after 1 and 3 days, the indicator was statistically significantly lower in the background of excessive intake of copper and zinc ions (31.6 % and 12.4 % respectively, p<0.05). Analysis of the dynamics of the investigated index in the animals with the skeletal trauma itself showed ( Fig. 1 ) that against the background of light injury, the index decreased to 3 days, which proved to be significant in comparison with 1 day (p <0.05). Subsequently, it increased significantly and in 7 days significantly exceeded the pre-term observation time (p <0.05). In the case of an average and severe injury, the indicator in 1 day increased, however, after 3 and 7 days, it decreased, which was statistically significant in comparison with the previous observation period (p <0.05).
On the background of intoxication with copper and zinc salts, the rate of biliary excretion, regardless of the severity of the injury, was subject to a general pattern of gradual decrease from 1 to 7 days (Fig. 2) . In these conditions, the value of the indicator in 3 and 7 days was statistically significantly lower than in 1 day (p <0.05).
Conclusions. Skeletal trauma causes a significant violation of biliary tract function of the liver. In a mild trauma without intoxication with copper and zinc salts in 1 day, the index increases to 7 days. While in the middle and severe injuries, after 1 day it is greater than control, but in the future it falls less than the control group. Excessive intake of copper ions and zinc contributes to a decrease in the studied index from 1 to 7 days, and with an average and severe traumatic injury of 3 and 7 days it becomes significantly lower than in the nontoxic group.
Prospects for further research. In the future, an in-depth study of the negative effects of excessive intake of heavy metal salts, in particular copper and zinc, in the conditions of polytrauma for the development of effective methods of correction is envisaged. Мета -з'ясувати патогенетичні особливості ураження печінки при механічній травмі різної тяжкості в умовах надлишку надходження в організм іонів міді та цинку та його антидотної терапії.
Матеріал і методи. Експерименти виконано на 150 нелінійних білих щурах-самцях масою 180-200 г. На фоні хронічної інтоксикації сульфатами міді і цинку моделювали скелетну травму різної тяжкості. У тварин через 1, 3 і 7 діб посттравматичного періоду досліджували жовчовидільну функцію печінки. Отримані цифрові дані піддавали статистичному аналізу.
Результати. На фоні травми середнього ступеня показник змінювався хвилеподібно: після 1 дня він значно збільшився, порівняно з контрольною групою (на 32,7 %, р<0,05). Через 3 дні він значно зменшився і став на 17,6 % менше, ніж у контролі (р<0,05). Через 7 днів він продовжував залишатися на тому ж рівні (р<0,05 для контролю). В умовах надмірного іонного обміну міді та цинку за 1 добу показник перебував на рівні контрольної групи (p>0,05). Однак через 3 і 7 днів вона була значно нижчою за референтний рівень (27,8 % і 24,3 % відповідно, р<0,05). У цих умовах через 1 і 3 дні показник був статистично достовірно нижчим на тлі надмірного надходження іонів міді та цинку (31,6 % і 12,4 % відповідно, р<0,05).
